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Name  of  Dam: 

State  Located: 
County  Located: 
Stream: 

Date  of  Inspection: 


ASHOKAN  RESERVOIR  (I.D.  NO.  41) 
NEW  YORK  STATE 
ULSTER  COUNTY 
HUDSON  RIVER  BASIN 
JULY  11  AND  12,  1978 


ASSESSMENT 

Examination  of  the  available  documents  and  visual  inspection  of  the 
Olive  Bridge  Dam,  the  Ashokan  Reservoir  Spillway,  the  Dikes  and  the  appurten- 
ant structures  did  not  reveal  any  conditions  which  are  unsafe. 

The  Standard  Project  Flood  inflow  to  the  Ashokan  Reservoir  is  approxi- 
mately 91,300  cfs  while  the  outflow  is  only  44,900  cfs.  The  maximum  spillway 
discharge  capacity  is  estimated  to  be  209,700  cfs.  The  project  discharge  capa- 
city is  therefore  adequate  according  to  the  Corps  of  Engineers'  adopted 
general  principle  that  structures  be  designed  for  the  maximum  flood  characteristic 
of  the  region,  which  is,  in  practice,  the  Standard  Project  Flood. 


No  remedial  measures  are  required  at  the  present  time, 
sures,  however,  are  recommended  regarding: 

- Measurement  of  seepage 

- Repairs  of  curbs , parapet  and  pavements 

- Maintenance  of  vegetation  on  embankments 

- Repair  of  a gate  valve 
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GENERAL  OVERVIEW  OF  OLIVE  BRIDGE  MASONRY  DAM 


PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
ASHOKAN  RESERVOIR,  INVENTORY  NO.  41 
HUDSON  RIVER  BASIN 
ULSTER  COUNTY,  NEW  YORK 


SECTION  1 - PROJECT  INFORMATION 


1.1  GENERAL 


a . Authority 

The  Phase  I Inspection  report  herein  was  authorized  by  the 
DEPARTMENT  OF  THE  ARMY..  NEW  YORK  DISTRICT,  CORPS  OF  ENGINEERS, 
by  letter  dated  31  March  1978,  in  fulfillment  of  the  requirements  of  the 
National  Dam  Inspection  Act,  Public  Law  92-367,  8 August  1972. 

b.  Purpose  of  Inspection 

The  purpose  of  this  inspection  and  report  is  to  investigate  and 
evaluate  the  existing  conditions  of  subject  dam  in  order  to:  identify  de- 
ficiencies and  hazardous  conditions;  determine  if  they  constitute  hazards 
to  human  life  or  property;  and  notify  the  State  of  New  York  of  these  results 
along  with  recommendations  for  remedial  measures  where  necessary. 

1.2  DESCRIPTION  OF  PROTECT 

a . General 

Ashokan  Reservoir,  which  is  part  of  the  Catskill  System  sup- 
plying water  to  New  York  City,  is  formed  by  a series  of  dams,  weirs  and 
dikes.  The  main  dam  on  Esopus  Creek  is  designated  as  the  Olive  Bridge 
Dam.  The  other  water  retaining  structures  are:  West,  Middle  and  East 
Dikes;  West  Hurley,  Woodstock  and  Glenford  Dikes;  Dividing  Weir,  Divid- 
ing Weir  Dike  and  Waste  Weir.  The  Dividing  Dike  and  Weir  separates  the 
reservoir  into  two  basins,  known  as  the  East  Basin  and  the  West  Basin. 

b.  Olive  Bridge  Dam 

The  Olive  Bridge  Dam  consists  of  a Cyclopean  masonry  gravity 
section  extended  on  each  side  by  earth  embankments.  The  central  masonry 
structure  is  1000  ft  long;  the  lengths  of  the  north  and  south  embankment  sec- 
tions (designated  as  north  and  south  wing),  are  2100  and  1550  ft,  respect- 
ively. According  to  the  documents  reviewed  (see  Section  2)  the  masonry 
section  is  founded  entirely  on  rock  and  faced  upstream  and  downstream  with 
concrete  blocks  lain  in  regular  courses.  The  principal  dimensions  of  the 
masonry  dam  are: 


Width  under  coping  23  ft 

Width  at  base  (max.  section)  190  ft 

Maximum  height  above  foundation  252  ft 

* 

The  top  of  the  masonry  dam  and  earth  embankments  are  used 
as  a two-way  highway.  There  are  inlets  in  the  roadway  on  the  top  of  the 
masonry  dam  to  drain  the  surface  runoff.  The  inlets  drain  to  the  upper  drain- 
age gallery. 


The  masonry  portion  of  the  dam  is  interrupted  by  eleven  expan- 
sion joints  each  of  which  is  located  at  an  inspection  well.  There  are  two 
additional  inspection  wells,  one  at  each  end  of  the  masonry  dam.  The  internal 
drainage  system  consists  of  the  upper  and  lower  drainage  galleries  which  are 
connected  by  vertical  inspection  wells.  Inclined  drainage  wells  of  hollow, 
porous  concrete  blocks  drain  the  upper  gallery  into  the  lower  gallery.  Invert 
elevation  of  the  upper  gallery  is  at  El  590,  while  the  invert  of  the  lower  gallery 
varies  by  sloping  toward  the  midpoint  of  the  dam.  Access  to  the  upper  inspec- 
tion gallery  used  to  be  through  manholes  from  the  top  of  dam.  (At  present, 
asphalt  pavement  covers  the  original  brick  roadway  and  the  manholes.)  The 
lower  gallery  connects  with  a perpendicular  access  gallery  which  exits  at  the 
toe  of  the  dam.  There  is  a sluice  gate  at  the  downstream  end  of  the  access 
gallery  which  is  used  to  drain  the  accumulated  seepage  water  from  the  gallery 
into  the  gorge  of  Esopus  Creek.  The  gate  operating  stem  is  accessible  from 
the  outside.  One  10-inch  low  level  outlet  pipe  passes  through  the  dam  and 
continues  along  the  access  gallery;  it  terminates  in  a concrete-lined  valve  pit 
at  the  toe  of  the  dam.  Access  to  the  valve  is  through  a metal  trap  door  which 
is  kept  locked.  It  is  reported  that  the  outlet  pipe  was  installed  to  release 
water  for  recreational  purposes.  It  is  not  known  if  the  valve  was  ever  used. 

The  embankment  sections  on  both  sides  of  the  masonry  struc- 
ture have  a crest  width  of  34  ft.  The  crest  elevation  is  610  at  the  upstream 
side  and  slopes  to  El  609  at  the  downstream  side.  According  to  the  documents 
reviewed  the  upstream  slope  varies  from  1(V):  2(H)  at  top  to  1(V):  2.75(H)  at 
toe;  the  downstream  slope  varies  from  1 (V) ; 2(H)  at  top  to  1(V):  3(H)  at  toe. 
There  are  10-foot  wide  berms  at  30  ft  intervals  on  both  upstream  and  down- 
stream slopes.  The  upstream  face  below  El  570  is  covered  with  a surface 
layer  of  riprap  placed  on  a bedding  layer  of  rock  fragments.  Between  El  570 
and  600  the  upstream  face  is  paved  with  dry  rubble  bedded  in  crushed  stone. 

A concrete  masonry  core  wall,  which  extends  to  solid  rock,  is  located  16  ft 
from  the  upstream  edge  of  the  crest.  Its  width  at  the  top  (El  596)  is  4 ft;  both 
faces  are  evenly  battered  at  1 (V):  0.05  (H)  from  top  to  the  original  ground  sur- 
face and  are  vertical  between  ground  surface  and  the  rock  foundation.  On  the 
downstream  slope  there  is  a stone  and  crushed  rock  layer  of  varying  thickness, 
which  is  covered  with  24  inches  of  clayey  earth  and  12  inches  of  topsoil. 


On  each  wing  there  is  subsurface  drainage  system  which  consists  of  vitri- 
fied drain  pipes  placed  in  trenches  filled  with  broken  stone  and  boulders. 
Access  to  the  drain  pipes  is  ‘brough  manholes. 

» 

c . West,  Middle  and  East  Dikes 

The  crest  elevation  and  cross  section  of  the  West  Dike  are 
identical  to  the  south  wing  of  the  main  dam.  The  West  Dike  contains  a 
concrete  masonry  core  wall,  which,  according  to  the  documents  is  supported 
in  earth  for  a distance  of  approximately  770  ft  from  its  western  end  and  on 
rock  for  the  remaining  1020  ft.  The  maximum  height  of  the  Dike  from  bottom 
of  core  trench  is  115  ft.  A paved  roadway  runs  along  the  full  length  of  the  dike. 

The  cross  section  of  the  Middle  Dike  is  similar  to  that  of  the 
West  Dike,  except  that  the  crest  elevation  is  607  along  the  upstream  face. 

The  concrete  masonry  core  wall  is  supported  on  rock  for  a distance  of  approxi- 
mately 3000  ft  and  in  earth  for  the  remaining  4,000  ft.  The  maximum  height 
of  Middle  Dike  is  195  ft  where  the  Dike  crosses  the  pre-glacial  gorge  of 
Beaver  Kill.  A paved  road  exists  along  the  full  length  of  the  dike. 

The  East  Dike  is  approximately  3340  ft  long  and  its  maximum 
height  above  bottom  of  core  trench  is  35  ft.  The  dike  has  a crest  width  of 
15  ft  (El  602);  its  upstream  slope  is  at  1(V):  2(H)  from  El  602  to  595,  the  re- 
mainder is  at  1 (V):  2.5  (H) . The  entire  downstream  slope  is  at  1 (V):  3 (H) . 

The  crest  and  the  downstream  slope  are  grass  covered.  The  upstream  face 
below  El  595  is  covered  with  paving  stones  on  crushed  stone  bedding.  There 
is  a downstream  rock  toe  which  is  covered  with  2 ft  of  clayey  earth  and  is 
grassed. 


d . Dividing  Weir 

The  Dividing  Weir,  which  separates  the  West  Basin  from  the 
East  Basin,  has  a length  of  1100  ft  and  consists  of  an  uncontrolled  overflow 
structure.  Its  cross  section  is  ogee  shaped  with  the  crest  at  El  590.  The 
height  of  the  maximum  section  is  approximately  30  ft.  The  upstream  slope 
of  the  Weir  is  constructed  as  an  earth  embankment  with  a slope  at  1 (V):  2(H), 
which  is  paved  with  stone  set  on  a crushed  rock  bedding  layer.  The  down- 
stream part  of  the  Weir  consists  of  cyclopean  masonry  with  the  straight  por- 
tion of  the  slope  at  1 (V):  0.  6 (H).  There  is  a highway  bridge  above  the  Weir; 

the  bridge  piers  interrupt  the  continuity  of  the  Weir. 

At  the  south  end  of  the  Dividing  Weir  is  the  Dividing  Weir  Dike 
which  is  interrupted  by  the  Upper  Gate  Chamber.  The  Dike  ends  where  the 
West  and  Middle  Dikes  meet.  The  crest  detail  and  the  cross  section  of  the 
Dividing  Weir  Dike  are  similar  to  those  of  the  West  Dike  except  that  its  down- 
stream slope  is  also  paved  and  that  there  is  only  one  berm  at  El  570  on  both 
upstream  and  downstream  slopes.  The  crest  carries  a highway  on  a paved 
roadway. 
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e.  Wast  Weir  (Ashokan  Reservoir  Spillway) 

The  Waste  Weir  is  approximately  955  ft  in  length,  S-shaped 
in  plan  and  it  extends  in  a northerly  direction  from  the  east  end  of  East  Dike 
to  a concrete  training  wall  at  its  north  end.  The  Weir,  supported  on  rock 
originally  consisted  of  cyclopean  masonry  with  an  upstream  slope  of  1 (V): 

2 (H)  and  a downstream  slope  of  1(V):  1(H).  Only  a minor  part  of  the  struc- 
ture was  constructed  as  an  earth  embankment  with  paving  stone  protecting 
the  upstream  slope  of  the  embankment.  The  crest  of  the  Weir  is  at  El  587. 

The  Weir  was  rehabilitated  by  applying  a gunite  surfacing  to  the  structure. 

The  overflow  is  collected  in  the  Waste  Channel  located  between  the  toe  of 
the  Weir  and  a concrete  retaining  wall  which  is  nearly  parallel  with  the  weir. 
The  channel  widens  from  the  south  toward  the  north,  where  it  makes  a 90  + ° 
turn.  A curved  ashlar  wall  acting  as  a baffle  projects  into  the  channel 
from  the  center  pier  of  the  highway  bridge  (Rte  28A)  which  crosses  over  the 
channel.)  Downstream  of  the  bridge  the  Waste  Channel  runs  on  exposed  bed- 
rock into  a gully  which  enters  the  Esopus  Creek  valley  1.4  miles  from  the 
bridge. 

f . West  Hurley  Dike 

According  to  the  documents  reviewed,  the  West  Hurley  Dike  is 
approximately  3450  ft  long  and  55  ft  high  (at  maximum  section).  The  earth 
embankment  includes  a concrete  masonry  core  wall  which  is  supported  on  bed- 
rock. Top  of  the  core  wall  is  at  El  593.  The  crest  of  the  Dike  is  at  El  607 
and  carries  a two-lane  paved  roadway.  The  upstream  slope  is  at  1(V):  2(H) 
above  El  587 , and  at  1 (V):  2.5(H)  below  El  587.  There  is  a zone  of  rockfill 
of  minimum  5 ft  thickness  on  the  upstream  slope  from  El  597  to  the  toe.  The 
rockfill  is  protected  by  stone  paving  between  El  567  and  597.  The  downstream 
slope  is  at  1(V):  2 (H)  from  crest  to  a 1 0— ft  wide  berm  at  El  577,  then  continues 
at  a slope  of  1 (V) : 2-3/4 (H)  to  the  toe.  Below  the  berm  the  slope  consists 
of  rockfill  which  is  covered  with  24  inches  of  clayey  earth  and  is  grassed. 

g . Woodstock  Dike 

According  to  the  documents  reviewed,  the  Woodstock  Dike  is 
approximately  2500  ft  long  and  maximum  30  ft  high.  The  crest  of  the  dike 
is  at  El  602,  has  a width  of  15  ft  and  is  grassed.  The  upstream  slope  is 
1 (V):  2(H)  and  1 (V) : 2.5(H);  downstream  slope  is  1 (V) : 3(H).  The  upstream 
slope  is  stone  protected.  The  Dike  has  a concrete  masonry  core  wall. 

h.  Glenford  Dike 

The  Glenford  Dike  is  approximately  2850  ft  long  and  maximum 
60  ft  high.  The  crest  is  at  El  607,  its  width  is  36  ft.  There  is  a single 
abandoned  R.R.  track  along  the  crest  of  the  Dike.  In  other  respects  the 
Glenford  Dike  is  similar  to  the  West  Hurley  Dike. 
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i*  Location 

Ashokan  Reservoir  is  located  about  14  miles  west  from  Kings- 
ton, New  York,  within  the  drainage  basin  of  Esopus  Creek,  a tributary  of  the 
Hudson  River.  The  principal  structures  forming*  the  reservoir  and  the  nearest 
downstream  communities  are: 


Facility  Town 


Olive  Bridge  Dam?\ 
Waste  Weir;  West,L 
Middle,  East  Dikej 
West  Hurley  Dike 
Woodstock  Dike 
Glenford  Dike 


Marbletown 

Stony  Hollow 
West  Hurley 
West  Hurley 


Distance 


6 miles 

1+  mile 
0.25+  mile 
0 . 25+  mile 


j • Size  Classification 

The  dam  is  more  than  100  ft  high  and  is  therefore  considered 
to  be  a large  dam. 


k.  Hazard  Classification 

The  dam  and  the  dikes  are  in  the  "high"  hazard  potential 
category.  Parts  of  several  communities  would  be  affected  by  a failure  of 
the  dam  or  a breach  of  the  dikes. 

l.  Ownership 

Ashokan  Reservoir  is  owned  and  operated  by  the  New  York 
City  Bureau  of  Water  Supply  (BOWS) . 

m.  Use  of  Dam 

The  impoundment  provided  by  the  dam  is  a water  storage  re- 
servoir for  the  City  of  New  York. 


n.  Design  and  Construction  History 

The  principal  structures,  including  Olive  Bridge  Dam,  West, 
Middle  and  East  Dikes,  Dividing  and  Waste  Weirs,  and  appurtenances  were 
designed  by  BOWS.  The  contract  for  the  construction  of  the  principal  struc- 
tures was  awarded  on  September  5,  1907  to  MacArthur  Bros.  Company  and 
Winston  and  Company;  construction  was  completed  on  December  20,  1916. 

The  Hurley  Dikes,  including  West  Hurley,  Woodstock  and 
Glenford  Dikes,  were  designed  also  by  BOWS.  Bids  for  construction  were 
opened  on  November  24,  1909.  The  contractors  name  and  the  completion 
date  are  unknown. 


Normal  Operating  Procedures 

The  flow  into  Ashokan  Reservoir  consists  of  surface  runoff  from 
the  Esopus  Creek  watershed  and  water  releases  from  Schoharie  Reservoir  via 
Shandoken  Tunnel.  The  maximum  release  from  Schoharie  is  limited  to  1040  cfs 
(672  mgd) . Between  June  1 and  October  30  the  releases  are  regulated  so  that 
> the  combined  flow  in  Esopus  Creek  below  the  confluence  is  at  least  300  mgd. 

Water  releases  from  Ashokan  Reservoir  are  passed  through  the 
upper  or  lower  intakes  located  in  the  Dividing  Weir  Gate  House.  The  upper 
level  intakes  are  normally  used  in  the  summer,  the  lower  level  intakes  in  the 
winter  to  supply  clearest  water.  Flow  regulation  is  provided  by  the  inlet 
regulating  valves  at  the  Upper  Gate  Chamber.  Flow  is  further  controlled  by 
gate  valves  at  the  Lower  Gate  Chamber.  Most  of  the  water  passes  through 
screens  in  the  Screen  Chamber  and  then  into  the  Catskill  Aqueduct.  Discharges 
to  New  York  City  are  kept  generally  below  600  mgd.  Excess  water  is  directed 
over  internal  weirs  at  El  510  into  the  Waste  Tunnel,  then  via  the  Beaverkill 
Waste  Channel  into  Esopus  Creek. 
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1.3  PERTINENT  DATA 


a.  Drainage  Area  (sq  mile)  257 

b.  Discharge  at  Damsite  (cfs) 

Maximum  known  flood  at  site  (March  30,  1951)  46,000 

Spillway  (ungated)  capacity  at  El  602  209,000 


c . Elevation  (ft  above  MSL) 

Top  of  masonry  dam,  south  wing,  north  wing  em- 


bankments and  West  Dike)  610 

Top  of  Middle,  West,  Hurley  Glenford  Dike  607 

Top  of  East  and  Woodstock  Dike  602 

Streambed  at  centerline  of  dam  397+ 

Spillway  crest  587.0 


d.  Reservoir 

Length  of  maximum  pool,  miles  12 

Combined  surface  area  at  El  587  in  East  Basin 
. and  El  590  in  West  Basin,  acres  8314 


e.  Storage  (acre-feet) 

Top  of  spillway  crest  (El  587)  392,400 

Top  of  East  Dike  (El  602)  512,500 
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f . Dam 

1.  Masonry  Section 

Type:  Cyclopean  masonry  with  cut  stone  facing 
Length:  1000  ft 

Height:  252  ft  above  foundation 
Top  width:  23.0  ft  under  coping 

Side  Slope:  Upstream:  Vertical  from  El  610  to  El  500 
and  1(V):  0.10  (H)  from  El  500  to  toe. 
Downstream:  Curved  at  radius  86  ft  from 
El  610  to  El  566.2;  1(V):  0.6  (H)  from  El  566.2 
to  El  532.5;  1 (V) : 0.7  (H)  from  El  532.5  to  El 
500;  and  1 (V):  0.92  (H)  from  El  500  to  toe. 

2.  Embankment  Section 

Type:  Earth  embankment  with  concrete  masonry  core  wall. 
Length:  1550+  ft  south  wing 
2100+  ft  north  wing 
Height:  220+  ft  above  foundation 
Crest  Width:  34  ft 

Side  Slopes:  Upstream:  1 (V):  2(H)  from  El  610  (top  of 
crest)  to  El  590;  1(V):  2.5  (H)  from  El  590  to 
El  540;  1 (V):  2.75  (H)  from  El  540  to  toe. 
Downstream;  1(V):  2 (H)  from  El  609  (top  of 
crest)  to  El  580;  1 (V):  2.75  (H)  from  El  580  to 
El  550;  1 (V):  3 (H)  from  El  550  to  toe. 

Zoning:  Earth  dam  with  central  vertical  impervious  con- 
crete masonry  core  wall. 

Impervious  core; 

Concrete  masonry,  top  at  El  596  and  bottom  on 
solid  rock;  top  width  4 ft  and  sides  sloping  1 (V) : 
0.05  (H)  to  original  ground  surface  and  then  ver- 
tical to  the  rock  foundation. 

Cutoff:  Unknown 
Grouting:  Unknown 
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3 . Dikes 

Beaver  Kill  Dikes  (West,  Middle  and  East) 

West  Dike  - 

Type:  Earth  embankme*nt  with  concrete  masonry  core 

Length:  1790+ ft 

Height:  115  ft 

Crest  Width:  34+ ft 

Side  Slopes:  Upstream:  1(V):  2(H)  from  El  610  to 
El  590;  1 (V) : 2.5  (H)  from  El  590  to  El 
540;  and  1(V)  to  2.75  from  El  540  to  toe. 
Downstream:  1(V):  2(H)  from  El  609  to 
El  580;  1 (V) : 2.75  (H)  from  El  580  to 
El  550;  and  1(V):  3(H)  from  El  550  to  toe. 
Zoning:  Earth  embankment  with  central  vertical  concrete 
masonry  core  wall. 

Impervious  Core:  Concrete  masonry,  top  at  El  596  and 
bottom  on  solid  rock;  top  width  4 ft;  and 
sides  battered  at  1(V):  0.05  (H)  to  orig- 
inal ground  surface  and  then  vertical  to 
earth  or  rock  foundation. 

Cutoff:  Unknown 

Crouting:  Unknown 
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Middle  Dike  - 

Type:  Earth  embankment  with  concrete  masonry 

central  core. 

Length:  7000+ ft 

Height:  195+ ft 

Crest  width:  34+  ft 

Side  Slopes:  Upstream;  1 (V) : 2(H)  from  El  607  to  El  587; 

1 (V):  2.5  (H)  from  El  587  to  El  537  and 
1 (V):  2.75  (H)  from  El  537  to  toe  of  dike. 

Downstream:  1(V):  2(H)  from  El  606  to 
El  577;  1 (V) : 2.75  (H)  from  El  577  to 
El  547;  and  1 (V)  to  3(H)  from  El  547  to 
toe  of  dike. 

Zoning:  Earth  embankment  with  central  concrete  masonry 
core  wall. 

Impervious  Core:  Concrete  masonry,  top  at  El  593  and 
top  width  4 ft  and  side  slopes  1(V): 

0.05  (H)  to  original  ground  surface, 
then  vertical  to  earth  or  rock  foundation, 
except  between  Sta  24+25  and  25+80, 
where  bottom  section  of  core  wall  is 
stepped  and  widened. 

Cutoff:  Unknown 

Grouting:  Unknown 
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East  Dike  - 
Type: 


Earth  embankment  with  concrete  masonry 
core  wall. 

Length:  3340+  ft  * 

Height:  35  ft 

Crest  width:  15  ft 

Side  Slopes:  Upstream:  1(V):  2(H)  from  El  602  to  El  595 
and  1(V):  2.5  (H)  from  El  595  toe  of  dike. 
Downstream:  1(V):  3(H) 

Zoning:  Earth  embankment  with  central  vertical 

concrete  masonry  core  wall. 

Impervious  Core:  Concrete  masonry,  top  at  El  593 

and  other  data  same  as  West  Dike. 
Cutoff:  Unknown 

Grouting:  Unknown 

West  Hurley  Dike  - 

Type:  Earth  embankment  with  concrete  masonry 

central  core. 

Length:  3450+ ft 

Height:  55+  ft 

Crest  Width:  34+  ft 

Side  Slopes:  Upstream:  1(V):  2(H)  from  El  607  to  El  587 
and  1 (V) : 2.5  (H)  from  El  587  to  toe  of  dike. 
Downstream:  1(V):  2(H)  from  El  607  to 
El  577  and  1(V):  2.75  (H)  from  El  577  to 
toe  of  dike. 

Zoning:  Earth  embankment  with  a central  vertical 

concrete  masonry  core  wall. 

Impervious  Core:  Concrete  masonry,  top  at  El  593  and 
other  data  seme  as  West  Dike. 
Cutoff:  Unknown 

Grouting:  Unknown 

Woodstock  Dike  - 

Type:  Earth  embankment  with  concrete  masonry 

central  core. 

Length:  2500+ ft 

Height:  30+  ft 

Crest  Width:  15  ft 

Side  Slopes:  Upstream:  1 (V) : 2(H)  from  El  602  to  El  587 
ard  1 (V) : 2.5  (H)  from  El  587  to  toe  of  dike. 
Downstream:  1(V):  3(H) 

Zoning:  Earth  embankment  with  central  vertical 

concrete  masonry  core  wall. 
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Impervious 

Cutoff: 

Grouting: 


Core:  Concrete  masonry,  top  at  El  593 

and  other  data  same  as  West  Dike. 

Not  known 
* 

Not  known 


Glenford  Dike  - 

Type:  Earth  embankment  with  concrete  masonry 

central  core. 


Length: 

Height: 

Crest  Width: 
Side  Slopes: 


2850+  ft 
60+  ft 
36  ft 

Upstream:  1(V):  2(H)  from  El  607  to  El  587 
and  1(V):  2.5(H)  from  El  587  to  toe  of  dike. 
Downstream:  1 (V) : 2(H)  from  El  605  to 
El  577  and  1 (V) : 2.75  (H)  from  El  577  to 
toe  of  dike. 


Zoning: 

Impervious 

Cutoff: 

Grouting: 


Earth  embankment  with  vertical  concrete 
masonry  central  core  wall. 

Core:  Concrete  masonry,  top  El  593 

and  other  data  same  as  West  Dike. 
Unknown 
Unknown 


g.  Spillway 

Type:  Ogee  spillway  with  stepped  bottom  section 

Length  of  weir:  955+ ft 

Crest  Elev.  587  ft  above  MSL 

Gates:  Ungated 

Upstream  Channel:  None 

Downstream  Channel:  Waste  Channel  is  paved  with 

rubble  to  Route  28A  bridge, from 
there  the  channel  floor  is  on 
rock;  the  channel  joins  the  Esopus 
Creek  Valley  1.4  miles  from  the 
bridge. 


h . Regulating  Outlets 

Regulating  outlets  for  the  Ashokan  Reservoir  are  discussed  below: 

1.  Catskill  Aqueduct  has  a maximum  discharge  capacity  of  640 
mgd.  Releases  are  limited  to  600  mgd  to  maintain  gravity  flow 
in  the  Aqueduct.  Some  restriction  to  flow  may  result  from  over- 
loaded screens  but  the  screens  are  removable  for  cleaning  purposes. 


1 


7T 


( 


-10- 


2.  The  maximum  discharge  capacity  of  the  Waste  Tunnel  is 
1150  mgd. 

3.  Excess  flow  would  be  discharged  over  the  Waste  Weir 
(Ashokan  Reservoir  Spillway).  Crest  of  weir  is  at  El  587. 


SECTION  2:  ENGINEERING  DATA 


2.1  DESIGN 

' ” * 

The  main  dam  and  dikes  were  designed  by  BOWS  of  the  City  of 
New  York  prior  to  1907.  There  are  no  design  data  or  specific  design  memo- 
randa available  for  the  project  features. 

The  available  information  on  the  main  dams,  dikes  and  appurtenant 
structures  consist  of: 

a.  Contract  Drawings  and  Specifications  (Contract  No.  3)  for  con- 
struction of  "Main  Dams  for  the  Ashokan  Reservoir  in  the  towns  of  Olive  and 
Marbletown,  Ulster  County,  N.Y."  prepared  by  BOWS,  dated  June  20,  1907. 

b.  Contract  Drawings  and  Specifications  (Contract  No.  60)  for  the 
construction  of  "Hurley  Dikes  for  the  Ashokan  Reservoir  in  the  towns  of  Hurley 
and  Kingston,  Ulster  County,  N.Y."  prepared  by  BOWS,  dated  September  10,1909. 

c.  Various  working  and  record  drawings  for  Contract  No.  3. 

d.  It  has  been  reported  that  in  the  late  sixties  or  early  seventies 

the  18-inch  high  flash  boards  were  removed  from  the  Waste  Weir.  In  197  5 
the  Waste  Weir  structure  was  resurfaced  with  gunite.  The  details  of  the 
modifications  are  shown  dn  the  drawings  entitled  "Rehabilitation  of  Ashokan 
Reservoir,"  prepared  by  Amman  & Whitney  in  1974. 

The  information  available  on  subsurface  conditions  is  limited  to 
to  rock  elevations  at  borings  which  were  made  during  design  and  are  shown 
on  the  Contract  Drawings  referred  to  in  a.  and  b.  above. 

2.2  CONTRUCTION  RECORDS 

No  detailed  construction  records  are  available;  however,  there  are 
brief  narratives  pertaining  to  the  construction  of  the  dam  and  other  structures 
in  the  annual  reports  of  BOWS. 

2.3  OPERATION  RECORDS 

Records  of  gate  operations,  maintenance  and  repair  work  orders, 
as  well  as  records  of  pool  elevation,  rainfall,  air  and  water  temperatures 
for  both  the  Ashokan  and  Schoharie  Reservoirs  are  available  at  the  Brown 
Station  of  BOWS.  There  is  no  operation  and  maintenance  manual  for  the  oper- 
ating facilities,  but  there  are  some  operating  instructions  posted  in  each  gate 
operation  building. 


2.4 


EVALUATION  OF  DATA 
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Existing  information  was  made  readily  available  at  the  BOWS' 

New  York  City  office  and  Brown  Station  office.  » 

The  available  data  reviewed  are  considered  adequate  for  this  Phase  I 
inspection  and  evaluation  of  safety. 
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SECTION  3 - VISUAL  INSPECTION 

3.1  FINDINGS 

a . General  * 

A visual  inspection  of  Ashokan  Reservoir  was  made  on  Tuesday 
and  Wednesday,  July  11  and  12,  1978.  At  the  time  of  the  inspection  the  West 
Basin  level  was  at  El  590.31,  East  Basin  level  at  584.80.  The  weather  was 
sunny  with  temperatures  between  70°  and  80°F.  Rainfall  reportedly  occurred 
the  night  before  the  inspection. 

b.  Olive  Bridge  Dam 

The  masonry  portion  of  the  Olive  Bridge  Dam  appears  to  be  in 
generally  good  condition.  There  were  no  visible  signs  of  distress  or  movement. 
There  was  some  growth,  including  a sapling,  on  the  downstream  face.  There 
were  some  spalling  and  minor  cracks  on  the  concrete  surfaces  of  the  downstream 
face. 

The  manholes  to  the  upper  drainage  gallery  were  covered  with  as- 
phalt and  were  closed.  An  inspection  of  the  lower  gallery  was  made.  The 
drainage  wells  and  inspection  wells  were  observed  discharging  water  into  the 
lower  drainage  gallery.  Some  inspection  wells  were  quite  active,  especially 
No  10  which  was  discharging  approximately  3.5  gpm  into  the  lower  gallery, 
while  No  11  and  No  13  each  were  discharging  approximately  1/3  gpm.  The  open- 
ing at  the  base  of  the  far  wall  in  the  No  10  inspection  well  was  about  2 inches. 

The  total  leakage  from  the  gallery  is  reported  as  15+  gpm. 

There  were  no  visible  holes  or  sizable  cracks  in  the  lower  drainage 
gallery  walls.  Some  wall  surfaces  were  covered  with  deposits,  especially  near 
No  8 drainage  well. 

Salt  used  in  snow  removal  appears  to  be  the  probable  cause  of  some 
deterioration  and  spalling  of  the  concrete  surfaces  of  the  parapets  and  upper  ledges 
on  the  downstream  face. 

The  north  and  south  wings  (earth  embankments)  ->ar  to  be  in 
generally  good  condition;  the  horizontal  and  vertical  alignment-  of  the  crest 
are  also  good.  There  were  no  visible  signs  of  sloughing,  erosion,  cracking 
or  other  distress  on  the  north  and  south  wings  except  for  some  cracks  on  the 
paved  roadway.  Off  the  north  end  of  the  masonry  dam,  the  curb  of  the  roadway 
is  damaged  near  the  downstream  wingwall  and  surface  runoff  appears  to  have 
washed  out  a small  channel  which  exits  at  the  contact  with  the  downstream  face 
of  the  masonry  dam. 

The  downstream  slope  and  the  upper  portion  of  the  upstream  slope 
(above  the  stone  paving)  are  grass  covered  on  both  north  and  south  wings.  There 
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is  a bush  at  the  level  of  the  uppermost  of  paving  stone  course  on  the  upstream 
slope  of  the  south  wing. 

It  has  been  reported  that  in  1956  the  paving  stones  on  the  upstream 
slope  of  the  north  wing,  near  the  masonry  dam,  was  damaged  by  heavy  wave 
action.  The  damage  was  repaired  by  setting  the  paving  stones  in  concrete  . The 
length  of  the  repaired  area  is  approximately  150  ft. 

There  is  no  visible  evidence  of  seepage  emerging  from  the  slopes 
or  toes  of  the  north  and  south  wings. 

c.  West  Dike 

The  West  Dike  appears  to  be  in  generally  good  condition;  the 
horizontal  and  vertical  alignments  of  the  crest  are  good  except  for  the  pave- 
ment depression  near  the  south  end  of  the  Dike  as  described  below. 

The  downstream  and  the  upper  portion  of  the  upstream  slope  (above 
the  stone  paving)  are  grass  covered.  There  was  no  sign  of  sloughing,  erosion, 
cracking  or  other  distress  on  the  upstream  slope  and  visible  portion  of  the  rip- 
rap. 


It  is  reported  that  during  the  winter  or  early  spring  of  1978  the 
downstream  slope  near  the  south  end  of  the  Dike  was  affected  by  sloughing 
which  was  caused  by  heavy  surface  runoff.  It  appears  that  the  sloughing  occur- 
red downslope  of  an  area  where  the  roadway  pavement  has  undergone  cracking 
and  differential  settlement.  The  maximum  settlement  in  the  area  is  as  much  as 
2 inches.  From  the  observed  signs  it  appears  that  pavement  deterioration  in 
this  area  may  have  been  occurring  gradually  or  periodically  after  each  rainy 
season  causing  the  cracks  to  open  wider  and  the  roadway  to  tilt  toward  the 
downstream  slope,  thereby  collecting  more  and  more  surface  runoff  during  major 
storms.  The  sloughing  may  have  been  triggered  by  the  buildup  of  water  pressure 
in  the  layer  of  crushed  rock  which,  according  to  the  contract  drawings,  underlies 
the  topsoil  and  clayey  earth  layer  on  the  downstream  slope.  Uplift  pressure 
on  the  underside  of  the  impervious  soil  cover  would  then  result  in  sloughing. 

The  area  affected  by  sloughing  is  100  ft  wide  at  the  top  of  slope  and  50  ft  at  its 
downslope  limit.  The  slope  was  repaired  by  placing  fill  and  turf  on  the  slope. 
The  pavement  distress  has  not  been  corrected. 

There  is  no  visible  evidence  of  seepage  emerging  from  the  slope 
or  toe  of  the  Dike. 

d . Middle  Dike 

The  Middle  Dike  appears  to  be  in  generally  good  condition;  the 
horizontal  and  vertical  alignments  of  the  crest  are  also  good.  There  was  no 
sign  of  sloughing,  erosion,  cracking  or  other  distress  on  the  upstream  and 
downstream  slopes,  nor  on  the  visible  portion  of  the  riprap.  There  are  minor 
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cracks  in  the  roadway  pavement.  Both  longitudinal  and  transverse  pavement 
grades  are  good.  The  downstream  slope  and  the  upper  portion  of  the  upstream 
slope  are  grass  covered.  There  is  no  visible  evidence  of  seepage  emerging 
from  the  slope  or  toe  of  the  Dike.  Some  flow  was*emerging  from  the  subsurface 
drain  at  its  low  point. 

e . East  Dike 

The  East  Dike  appears  to  be  in  generally  good  condition;  the  hori- 
zontal and  vertical  alignments  of  the  crest  are  also  good.  There  was  no  sign 
of  sloughing,  erosion,  cracking  or  other  distress  on  the  crest,  upstream  or 
downstream  slopes.  The  crest  and  slopes  are  grass  covered  and  free  of  bushes 
or  shrubs. 

There  is  no  visible  evidence  of  seepage  emerging  from  the  slopes  \ 

or  toe  of  the  Dike. 

f . Waste  Weir  , 

At  the  time  of  the  inspection, water  was  not  spilling  over  the  crest.  i 

There  was  no  evidence  of  distress  or  movement.  The  spillway  was  rehabilitated 
in  1976-7. 

There  were  signs  of  leakage  and  some  minor  seepage  from  the 
joints  of  the  central  and  northern  portions  of  the  Waste  Weir,  and  there  were 
at  least  two  leaks  on  the  southern  portion. 

Although  most  of  the  floor  surface  has  been  repaired  there  were 
some  loose  stones  in  the  floor. 

1 * 

The  ashlar  baffle  wall  near  the  center  of  the  spillway  bridge 
appeared  to  be  in  good  condition  even  though  it  has  not  been  rehabilitated. 

Holes  for  flash  board  supports  were  not  restored  to  the  crest 

surface . 

There  was  no  evidence' of  erosion  along  the  Waste  Channel,  but 
there  are  areas  in  the  rubble-paved  channel  floor  where  vegetation  exists. 

These  areas  may  be  indicative  of  minor  underseepage  from  the  East  Basin.  The 
channel  downstream  of  the  Waste  Channel  is  on  bedrock.  Although  further  away 

(from  the  Wfeir  there  are  trees  and  other  vegetation  in  the  channel,  they  are  not 
considered  to  be  an  impediment  to  discharges  from  the  East  Basin. 

g.  West  Hurley  Dike 

The  Dike  appears  to  be  in  generally  good  condition;  the  horizontal 
and  vertical  alignments  of  the  crest  are  good  except  for  a minor  pavement 

i : 
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depression  described  in  the  next  paragraph.  There  were  no  visible  signs  of 
sloughing,  erosion  or  cracking  on  the  crest  or  on  either  slope  of  the  Dike. 

Some  shrubs  and  overgrown  grass  exist  on  both  slopes.  The  crest  serves  as  a 
paved  two-lane  highway. 

Approximately  at  mid-length  of  the  Dike  near  the  easterly  edge  of 
the  roadway,  the  pavement  is  slightly  depressed,  even  though  it  has  been  patched. 
Adjacent  to  the  patch,  the  curb  along  the  roadway  is  interrupted,  probably  to  pro- 
vide an  exit  for  surface  runoff  which  would  pond  otherwise  in  the  low  area . A 
shallow  swale  leading  to  the  top  of  the  downstream  slope  and  a soft  zone  of  25-foot 
width  were  noticed  at  the  toe  downslope  of  the  curb  opening.  Similar  soggy 
areas  were  noted  downslope  from  two  other  breaks  in  the  curb  and  also  at  a 
location  400  ft  from  the  north  end  of  the  Dike.  It  is  not  known  if  the  wet  con- 
ditions were  due  to  rainfall  during  the  previous  night  or  to  minor  seepage.  No 
sign  of  sloughing  or  distress  was  observed. 

An  estimated  3 to  5 gpm  was  emerging  from  a 14-inch  cast  iron 
pipe  which  is  presumably  the  outlet  of  the  subsurface  drainage  system. 

h . Woodstock  Dike 

The  Dike  which  has  a curved  alignment  appears  to  be  in  generally 
good  condition;  the  horizontal  and  vertical  alignments  of  the  crest  are  also  good. 
There  were  no  visible  signs  c ' sloughing,  erosion,  cracking  or  other  distress 
on  the  crest  and  upstream  slope.  The  riprap  is  in  good  condition  and  has  not 
been  displaced.  Near  the  maximum  curvature  along  the  Dike  there  are  trees  and 
bushes  as  well  as  some  debris  at  the  level  of  the  top  riprap  paving  stones.  The 
crest  and  the  upper  part  of  the  upstream  slope  are  grass  covered. 

Approximately  250  ft  east  of  the  bend  in  the  Dike,  the  ground 
adjacent  to  the  downstream  toe  is  swampy.  There  is  heavy  vegetation  on  the 
downstream  slope  near  the  east  end  of  the  Dike. 

West  of  the  bend, the  cross  section  of  the  Dike  appears  to  be  wider 
than  shown  on  the  Contract  Drawings.  There  is  an  abandoned  railroad  track  on 
the  widened  area  which  is  120  ft  in  width  and  about  15  ft  below  crest  level.  The 
track  is  located  approximately  90  ft  from  the  downstream  edge  of  the  widened 
area.  The  downstream  slope  is  overgrown  with  trees  and  bushes.  There  is  no 
visible  evidence  of  seepage  emerging  from  the  slopes  or  toe  of  the  Dike,  but 
there  is  a small  pond  of  stagnant  water  beyond  the  toe. 

i . Glenford  Dike 

The  Glenford  Dike  appears  to  be  in  generally  good  condition;  the 
horizontal  and  vertical  alignments  are  also  good.  There  were  no  visible  signs 
of  sloughing,  erosion,  cracking  or  other  distress  on  the  crest  or  on  either  slope. 

The  riprap  slope  protection  is  in  good  condition.  The  upstream  slope  above  the 
ripiap  is  overgrown  with  trees,  bushes  and  saplings.  There  is  a 4-foot  high 
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masonry  wall  along  the  upstream  edge  of  the  crest  approximately  10  ft  from  the 
dike  centerline. 

An  unused  single  railroad  track  exists  on  the  crest,  which  is  over- 
grown with  trees,  bushes  and  saplings  on  both  sides  of  the  track.  On  the  down- 
stream slope  there  is  a heavy  growth  of  trees  and  bushes. 

j .  Regulating  Gates 

The  regulating  gates  are  at  the  Upper  Gate  Chamber.  Eight  sixty 
inch  diameter  gate  valves  can  control  the  water  releases;  from  each  Basin  two 
gate  valves  admit  water  into  the  Upper  Aqueduct  and  two  into  the  Lower 
Aqueduct.  At  the  Lower  Gate  Chamber,  Upper  Aqueduct  Gate  Valves  Nos  2 
and  4 or  Lower  Aqueduct  Gate  Valves  Nos  1,3,5  and  7 regulate  water  into 
the  Screen  Chamber.  The  water  then  flows  into  the  Catskill  Aqueduct;  excess 
water  is  diverted  into  the  Waste  Tunnel.  Gate  Valves  Nos  6,  9,  12  and  14 
are  used  to  bypass  water  into  emergency  turbine  generators,  Gate  Valves  Nos 
8,  10,  11  and  13  to  bypass  water  to  the  Aerator  Gate  Valves  Nos  15,  16,  17, 

18,  19  and  20.  The  bypass  water  then  returns  to  the  Screen  Chamber. 

k.  Abutments 

There  were  no  signs  of  seepage  or  other  unusual  conditions  at  the 
abutments  of  the  masonry  dam.  Dikes  and  the  Waste  Weir. 

l.  Downstream  Channel 

The  channel  downstream  of  the  masonry  dam  is  the  Esopus  Creek. 
Although  the  channel  contained  trees  and  dense  bushes,  its  present  condition 
would  not  impede  discharges  from  the  reservoir.  The  findings  at  waste  weir 
channel  are  described  in  Paragraph  3. 1 f. 

m.  Reservoir  Area 

In  the  vicinity  of  the  Olive  Bridge  Dam;  West,  Middle  and  East 
Dikes;  Waste  Weir;  and  the  Hurley  Dikes,  there  was  no  evidence  of  sloughing, 
potentially  unstable  slopes  or  other  unusual  conditions  which  would  adversely 
affect  the  dam.  It  is  also  reported  that  there  have  been  no  adverse  reports  by 
motor  patrols  who  examine  the  reservoir  rim. 

3.2  EVALUATION  OF  OBSERVATIONS 

Visual  observations  made  during  the  course  of  the  inspection  did  not 
indicate  any  serious  problems  which  would  adversely  affect  the  safety  of  the 
dam  and  require  either  immediate  investigation  or  immediate  remedial  action  . 

The  spalling  of  the  concrete  on  the  downstream  face  of  the  dam,  including 
the  upper  ledges  and  parapets,  is  probably  the  result  of  the  action  of  chloride  ion 
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when  snow  mixed  with  salt  is  disposed  of  on  the  downstream  face. 

There  were  no  visible  leaks  on  the  downstream  face  of  the  dam  but  the 
growth  of  vegetation  and  the  presence  of  a sapling  are  possible  indications  of 
moisture  at  the  downstream  face. 

The  leaks  in  the  masonry  dam,  especially  in  inspection  well  No  10, 
should  be  monitored  on  a regular  basis  and  records  kept  to  determine  whether 
the  leakage  quantities  are  increasing.  Review  of  the  available  records  indicate 
that  the  leakage  is  relatively  stable . 


The  heavy  vegetation,  especially  trees,  on  the  slopes  of  the  dikes 
should  be  discouraged. 

Local  depressions  and  cracking  of  the  pavements  on  the  West  Dike 
and  West  Hurley  Dike  should  be  repaired. 

Gate  Valve  No  6 in  the  Lower  Gate  Chamber  was  leaking  at  a high  rate. 
It  is  not  known  whether  Gate  Valve  No  9 is  operable  at  the  present.  Both  of 
these  valves  are  used  for  feeding  water  to  emergency  turbine  generators  in  case 
of  a power  failure. 


t 


SECTION  4 - OPERATIONAL  AND  MAINTENANCE  PROCEDURES 


4.1  PROCEDURES 

Ashokan  Reservoir  stores  waters  from  Esopus  Creek  along  with  water 
diverted  from  the  Schoharie  Reservoir.  Maximum  daily  release  from  Schoharie, 
by  agreement  with  New  York  State  Power  Authority,  is  672  mg.  Normally  the 
releases  vary  between  500  and  600  mgd. 

Releases  from  Ashokan  Reservoir  to  the  New  York  City  water  supply 
system  through  Catskill  Aqueduct  are  controlled  by  the  New  York  City  office  of 
BOWS.  The  discharge  varies  between  350  and  600  mgd.  To  supply  the  clearest 
water  the  upper  level  intakes  are  used  normally  in  the  summer  and  the  lower 
level  intakes  in  the  winter. 

4.2  MAINTENANCE  OF  THE  DAM  AND  DIKES 


It  was  reported  that  an  operation  and  maintenance  manual  is  being 
prepared  for  the  project.  There  are  motor  boat  patrols  to  examine  the  reservoir 
rim  regularly.  Although  there  is  no  formally  established  program  of  inspection 
for  the  masonry  dam  and  dikes,  major  deficiences  would  be  detected  through 
the  constant  presence  of  the  project  staff  of  BOWS.  The  quantity  of  both  leakage 
at  the  main  dam  and  seepage  from  some  of  the  dikes  is  measured  periodically  by 
BOWS  engineering  personnel. 

The  dikes  and  the  two  wings  of  the  main  dam  are  maintained  only  by 
periodic  mowing  of  the  grass  slope  protection.  Maintenance  of  the  earth  em- 
bankment appears  to  be  adequate  except  for  the  local  growth  of  brush  at  the  top 
of  riprap  of  the  south  wing  and  the  Woodstock  Dike.  Maintenance  of  the  slopes 
of  the  Glenford  Dike,  which  are  not  as  easily  accessible,  is  less  than  adequate. 

4.3  MAINTENANCE  OF  OPERATING  FACILITIES 


Although  there  is  no  overall  operation  and  maintenance  manual  for  the 
operating  facilities,  there  are  some  operating  instructions  posted  at  each  gate 
operation  building.  These  instructions  do  not  cover  procedures  to  be  followed 
for  preventing  vibration  effects  and  in  the  event  equipment  becomes  inoperative. 

The  regulating  gates  appeared  to  be  in  operational  condition  at  the  time 
of  the  inspection.  Overload  condition  is  protected  by  shear  pins,  which  are 
easily  replaceable.  Some  valve  packings  were  leaking,  notably  Valve  No  6,  which 
feeds  water  to  emergency  turbine  generators.  Regulating  valves  are  moved  approx- 
imately at  three  week  intervals  as  directed  by  BOWS'  New  York  City  office. 


4.4  WARNING  SYSTEMS  IN  EFFECT 

There  are  no  warning  systems  in  effect. 

4.5  EVALUATION 

The  operational  and  maintenance  procedures  at  Ashokan  Reservoir,  in 
general,  are  considered  adequate.  The  maintenance  of  Glenford  Dike  is  less 
than  adequate  with  respect  to  the  control  of  heavy  growth  on  the  slopes  of  the 
Dike.  A periodic  inspection  program  should  be  established. 


SECTION  5 - HYDROLOGY/HYDRAULICS 


• 5.1  DRAINAGE  AREA  CHARACTERISTICS 

The  Ashokan  Dam  and  Reservoir  is  located  on  the  Esopus  Creek,  East 
of  Kingston  N.Y.  The  total  drainage  area  of  the  basin  contributing  to  the  Asho- 
kan Reservoir  is  257  square  miles. 

5.2  SPILLWAY  CAPACITY 

The  spillway,  which  is  located  on  the  East  Basin,  is  shaped  to  conform 
to  the  overfall  jet,  and  is  950.0  feet  in  length.  The  maximum  head  possible  be- 
tween the  spillway  crest  (El  587.0  feet)  and  the  top  of  the  dam  is  15.0  feet. 

No  data  is  available  on  the  head-discharge  relationship  of  the  spillway.  In 
computing  the  spillway  discharge  rating  table  the  coefficient  was  assumed  to 
vary  from  3.1  at  0.5  feet  head  to  3.8  at  5.0  feet  head  and  above.  The  computed 
maximum  discharge  is  209,700  cfs. 

5.3  RESERVOIR  CAPACITY 

The  total  reservoir  capacity  at  the  spillway  crest  (El  587.0  feet)  is 
127.858  billion  gallons  (392,400  acre-feet).  It  is  estimated  that  the  available 
surcharge  storage,  between  the  spillway  crest  and  the  top  of  the  dam,  is  120, 100 
acre  feet  which  is  equivalent  to  a depth  of  8.8  inches  of  runoff  over  the  entire 
basin. 

5.4  FLOODS  OF  RECORD 


A U.S.  Geological  Survey  Gaging  station,  located  1.5  miles  upstream 
from  the  reservoir,  was  operated  from  January  1914  to  current  year.  The  maxi- 
mum peak  discharge  flow,  for  the  period  of  record,  was  59,600  cfs  on  March  30, 
1951.  Transposed  on  the  basis  of  the  square-root  of  the  drainage  areas,  the 
estimated  inflow  to  the  Ashokan  Reservoir  was  71,300  cfs.  The  maximum  head 
recorded  at  the  spillway  for  March  1951  was  5.23  feet,  equivalent  to  an 
outflow  discharge  of  about  46,000  cfs.  Data  in  a report  made  for  the  Corps 
of  Engineers  on  the  Lower  Hudson  River  Basin!/,  give  the  following: 


Date 

Oct.  1955 
June  1972 


Inflow  Peak  (cfs) 
51,679 
62,732 


Outflow  Peak  (cfs) 
22,742 
38,865 


-^Lower  Hudson  Basin  Hydrologic  Flood  Routing  Model,  Water  Resources 
Engineers,  Inc.  January  1977,  pg.  145  Table  14. 
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5.5 


OVERFLOW  POTENTIAL 


The  Standard  Project  Flood  (SPF)  inflow  to  the  Ashokan  Reservoir  is 
given  as  91,286  cfs^/  while  the  outflow  peak  is  only  44,881  cfs.  The  computed 
maximum  spillway  discharge  of  209,700  cfs  is  2.3  times  the  SPF  inflow  peak 
and* 4. 7 times  the  SPF  outflow  peak. 

5.6  EVALUATION 

In  view  of  the  fact  that  the  Ashokan  Reservoir  Spillway  is  capable  of 
passing  the  Standard  Project  Flood,  it  is  considered  adequate  from  a hydraulic 
and  hydrologic  viewpoint. 


I 

!> 

-^Lower  Hudson  Basin  Hydrologic  Flood  Routing  Model,  Water  Resources 
Engineers,  Inc.  January  1977,  pg.  145  Table  14. 


SECTION  6 - STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

a . Visual  Observations 

Visual  observations  did  not  indicate  either  existing  or  potential 
problems  with  the  masonry  portion  of  Olive  Bridge  Dam  and  the  Waste  Weir 
(Ashokan  Reservoir  Spillway) . The  observed  leakage  in  the  lower  inspection 
gallery  of  the  dam  is  not  detrimental  to  its  stability  or  safety. 

The  small  amounts  of  seepage  and  leaks  emerging  from  several 
locations  along  the  Waste  Weir  are  not  detrimental  to  its  safety. 

b.  Design  and  Construction  Data 

No  design  computations  or  other  data  regarding  the  structural 
stability  of  the  dam  or  spillway  are  available. 

On  the  basis  of  the  performance  experience,  as  well  as  engineering 
judgement  the  spillway  and  the  masonry  portion  of  the  dam  are  considered  to  be 
stable. 


Although  there  are  no  design  computations  available,  it  is  likely 
that  the  masonry  gravity  sections  were  designed  by  engineers  of  the  BOWS  in 
accordance  with  procedures  presented  in  E.  Wegmann's  text,  "Design  and  Con- 
struction of  Dams."  If  the  masonry  sections  were  designed  accordingly,  the 
stability  of  the  gravity  section  would  be  considered  to  be  adequate. 

c.  Operating  Records 

No  major  operational  problems  which  would  affect  the  stability 
of  the  dam  or  spillway  were  reported. 

d.  Post  Construction  Changes 

A major  rehabilitation  of  the  Ashokan  Reservoir  Spillway  was  car- 
ried out  during  1975  and  1976.  The  details  of  the  major  repairs  and  modifications 
are  shown  on  the  drawings  prepared  in  1974  by  Ammann  & Whitney,  Consulting 
Engineers. 

e.  Seismic  Stability 

The  dam  is  located  in  Seismic  Zone  No.  1,  therefore  no  seismic 
analyses  are  warranted. 


SECTION  7 - ASSESSMENT/REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT 


a . Safety 

Examination  of  the  available  documents  and  visual  inspection 
of  the  Olive  Bridge  Dam,  the  Ashokan  Reservoir  Spillway,  the  Dikes  and  the 
appurtenant  structures  did  not  reveal  any  conditions  which  are  unsafe. 

The  Standard  Project  Flood  inflow  to  the  Ashokan  Reservoir  is 
approximately  91,300  cfs  while  the  outflow  is  only  44,900  cfs.  The  maximum 
spillway  discharge  capacity  is  estimated  to  be  209,700  cfs.  The  project  dis- 
charge capacity  is  therefore  adequate  according  to  the  Corps  of  Engineers' 
adopted  general  principle  that  structures  be  designed  for  the  maximum  flood 
characteristic  of  the  region,  which  is,  in  practice,  the  Standard  Project  Flood. 

b.  Adequacy  of  Information 

The  information  and  data  available  were  adequate  for  performance 
of  this  investigation. 

c.  Additional  Investigations 

Additional  investigations  to  assess  the  safety  of  Olive  Bridge 
Dam,  Spillway,  Dikes  and  appurtenant  structures  do  not  appear  necessary. 

7.2  REMEDIAL  MEASURES 

No  remedial  measures  are  required  at  the  present  time. 

It  is  recommended,  however,  that  deficiences  that  are  minor  at  the 
present  be  repaired  or  monitored  to  assess  potential  future  changes  in  the  per- 
formance of  the  dam  and  appurtenant  structures: 

a.  The  leakage  occurring  through  joints  and  cracks  in  the  masonry 
portion  of  the  main  dam  and  spillway  should  be  measured  on  a systematic  basis. 
The  data  obtained  should  be  reviewed  and  evaluated  on  an  ongoing  basis. 

b.  The  rate  of  seepage  emerging  from  the  subsurface  drainage  systems 
at  the  various  dikes  should  be  measured  on  a systematic  basis  and  the  data 
should  be  evaluated  after  each  inspection. 

c.  The  concrete  parapet  on  the  top  of  the  masonry  portion  of  the  main 
dam  should  be  repaired.  Also  a snow  clearing  procedure  should  be  developed  so 
that  snow  and  ice  mixed  with  de-icing  salts  is  not  disposed  of  on  the  downstream 
coping  near  the  top  of  the  dam. 
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d.  Pavement  near  the  south  end  of  West  Dike  should  be  restored  to 
original  grade  by  reconstructing  both  base  and  surfacing.  Similar  repair  work 
should  be  carried  out  in  a localized  area  on  West  Hurley  Dike. 

e.  Curb  adjacent  to  the  north  end  of  the  masonry  dam  should  be  re- 
paired. 

f.  Heavy  brush,  shrubs  and  saplings  should  be  removed  from  the 
slopes  of  the  Woodstock  and  Glenford  Dikes  and  the  south  wing  of  the  main 
dam.  On  the  downstream  slope  of  the  Glenford  Dike  tree  growth  is  especially 
heavy.  Larger  conifers,  but  not  deciduous  hardwoods,  should  be  removed. 

The  remaining  trees  should  be  inventoried  and  their  condition  monitored.  If 

a tree  dies,  the  area  around  the  tree  should  be  monitored  for  seepage. 

g.  Appropriate  action  should  be  taken  to  stop  leakage  at  Gate  Valve 
No  6 in  the  Lower  Gate  Chamber. 

h.  Vegetation  growing  in  the  Waste  Channel  (upstream  of  the  Bridge) 
of  the  Waste  Weir  should  be  removed. 
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APPENDIX  B 


UPSTREAM  SLOPE  OF  SOUTH  EMBANKMENT  OF  DAM. (LOOKING  SOUTH) 
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CREST  OF  OLIVE  BRIDGE  MASONRY  DAM 


VIEW  OF  DOWNSTREAM  SLOPE  OF  WEST  DIKE  LOOKING  NORTH. 
NOTE  PAVEMENT  FAILURE  AT  CREST  AND  REPAIR  OF  SLOPE 
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-J*  1 


VIEW  OF  WEST  HURLEY  DIKE.  (LOOKING  SOUTH) 


VIEW  OF  CREST  OF  GLEN  FORD  DIKE.  (LOOKING  WEST) 

NOTE  ABANDONED  RAILROAD  TRACK  AND  HEAVY  VEGETATION 


UPSTREAM  SLOPE  OF  GLENFORD  DIKE.  (LOOKING  EAST) 
NOTE  RIPRAP  AND  HEAVY  VEGETATION. 


DOWNSTREAM  SLOPE  OF  GLENFORD  DIKE.  (LOOKING  EAST) 
NOTE  LOOSE  ROCK  PROTECTION  AND  HEAVY  VEGETATION  . 
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DOWNSTREAM  FACE  OF  SPILLWAY  AND  FLOOR  CHANNEL 
AND  MASONRY  WALL.  (LOOKING  SOUTH) 


SEEPAGE  AT  DOWNSTREAM  FACE  OF  SPILLWAY. 
NOTE  SEEPAGE  FROM  JOINTS 


DOWNSTREAM  FACE  OF  SPILLWAY  AND  FLOOR  OF  CHANNEL. 
NOTE  MINOR  VEGETATION. 


UPPER  GATE  CHAMBER  - THREE  60  INCHES  DIAMETER  GATE  VALVES 
AND  3 FAIRS  SLUICE  GATES. 
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ENGINEERING  DATA  CHECKLIST 


APPENDIX  C 


CHECKLIST 
ENGINEERING  DATA 
DESIGN,  CONSTRUCTION,  OPERATION 
• . PHASE  I 


ITEM 


NAME  OF  DAM  ASHOEAu  DawI 


REMARKS 


AS-BUILT  DRAWINGS  MOMt  AVJ A\  LABlE  EOll  D A rvl.  AkJTO  Tm V£ ES 
SECTIONS-  /PNJ>  OBTAILS  CT-  gi£HA-BiL/TA-rE5)  S 'P'lLCoAV 
Set  AWMAKlM  £ UlhtiTHEy  PRAYINGS  k (cOZ-x  / tnm  fe 

AVAILABLE  CONTRACT  Dft  A^INtqf  f SPEC  tp  ICAT/OMS  £ SCLTIOAZ  DATA 

REGIONAL  VICINITY  MAP 

. . . VJS<S,£ 


CONSTRUCTION  HISTORY  5fT£  fA/5'^rtWf  /V£Aj?  APTiccfZ  MAY  9,'?°?  / 
Avc,v$T  IH7.  hL^o  PA  r a > n poBUCAT'  »fJ  "qP/  4 r/V  AkHiC'vAPV'''r-  c >- 

THE  B OAAP  oA  UlATEB  SuPPLy  C it y £/=  A' . '/  " p Ar^p  /<?S "o.  AOD/T/c  OAL  PATA 
IS  FOUUD  IN  THE  ABnPUAL  RpPcHTl  oA  THE  dcAPp  Cf  UArrm  SpFPcy  Ciry  cf  rt.Y. 


TYPICAL  SECTIONS  OF  DAM 
Col\\j e BB.106C  } Aior> 
U\X.ES  AeoUOU  ASHo/AN^ 
ResbC-voi*. 

OUTLETS-PLAN 


-DETAILS 


5e£,  DG-awim£S  im  APPtMbiv  • 


-CONSTRAINTS 


-DISCHARGE  RATINGS 


RAINFALL/RESERVOIR  RECORDS 


AvAlLA(bL£  At  TH(  BG'a.  ■ C,t  r . 

At  BEotorvi  station,  Mew 


/.Mb 


ITEM REMARKS 

DESIGN  REPORTS 


Moue  Available. 

i 

GEOLOGY  REPORTS 

Hosit  Auavlat^lL 


DESIGN  COMPUTATIONS  UOUE  AV-AiuA&it 

HYDROLOGY  & HYDRAULICS  KJoviE  Aw  A 'LAB  Ur 
DA  M STA  BIL ITY  Mo'Ut  A V A ' l>  B L t 

SEEPAGE  STUDIES 

MO  *0 £ AVA.  U_P>  V. 

MATERIALS  INVESTIGATIONS  Mri-  t A v A 1 lA^l £ 
BORING  RECORDS  -Mo»0^  AvjA'LALlI 
LABORATORY  * MotOE.  AVAlLAfll  £ 

FIELD  K\0>Ot 


POST-CONSTRUCTION  SURVEYS  OF  DAM  UoiOt  A.'o A' lA . 

5"P(LL  tU/J  y R£  H/\QlilTfiTE  D I97T  At  ft  ' ■ ’ 

Ofe.4vO/K/^i  w-3r^S*-X  +£  Si^cfe  I tfm  8 

BORROW  SOURCES  Twp-OE-V'i  P^'OKj  VloT  AvA'LAl-UT 


ITEM 


REMARKS 


MONITORING  SYSTEMS  NoWfc 
IXIAlW  ; IS  iSSTim+TED 


USEb.  S6EPA6e  FLouJ  A/Lom  £4  QSUtFAC 
r*>y  <9 o * V Mo rc  h 'we  /e.  at  yi/ob  lE 


£ 


frilcE  ■ 


% 

MODIFICATIONS  *AOIil^C-A»T'oMS  \>0SS.t  Dotot  At  W^S>H  Wl^ 

\v\  \A7S\  St  t WiWAnN  k WH'TM£y  PdAujiNff  4z> 

4^(o0  2-X  / tArn  5 FOi^  ££  HAP'U^Y  Tion  QP  SPILLWAY- 


HIGH  POOL  RECORDS  E>ata  A\Mi  lA  C^U?  OFFlLt 

OF  BOWS 


POST  CONSTRUCTION  ENGINEERING  SPILLAj/U/  (?£HA  giL/T/r.  TX  P W |9?S' 
STUDIES  AND  REPORTS  A^\F!ANt<(.4  Uj^irNty  fGAt^iK^S 

i°  V3(p°2.  S^C-CTl  / 3 

fW/flp£  ' aJ 


PRIOR  ACCIDENTS  OR  FAILURE  OF  DAM  Movie  RFCo^OFD 

DESCRIPTION 

REPORTS 


MAINTENANCE  Mo  ©Pt^SMiOfO  sAFu  v.n  \iVjA  v.  c l >P'r‘ 

OPERATION  AvMtA&tE  • 

RECORDS 


I 


I 

! 

t 

I 

\ 


TEM REMARKS 

SPILLWAY  PLAN  Fo  £ ^ E HAt3ILITAT£.p  SPlLLC-jAy  SECTIONS  Qn$ 
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VISUAL  INSPECTION  CHECKLIST 
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VISUAL  INSPECTION  CHECKLIST 


1.  Basic  Data 
a.  General 
Name  of  Dan 

County y 

Stream  Name 


OLWt 


Category 


Location  ULSTER County  Neare 

Long ltude  74p  Latitude  41° 

APPROACH  TP  Bo\a)S  OPFlCJE,  \\ 

Date  of  Insp  11  ^ Jut^^^Veather  €>v)K3K^ 
b.  Inspection  Personnel  C £ . JOKIAS 


County  Nearest  Town  (P.Q.)  °LIU6  Bfc'D&E 
Latitude  41**  5^  Other  Directions  \4Mg£&  VoesT 

_ . OF  <IMS&TOKl 


70 - is*  F 0¥Dcw  \ 
_Temperature  7s-go°P 

TgDTE.dtlKJ>CAL  EN&’g- 


TJ 


:UfcR- 


c.  Persons 


MMdPU  - OPe&ATlDH  £ 
MAlMTEK)A\JC£ 


d.  History:  Date  Constructed_ 
Present  Owner 


lAT£  OF  03UTBACT  J 


:■  ip.  mi 


Designed  by 
Constructed  by_ 
Recent  History^ 


MAC  AC.TM1 


LOS.  CO.  AUI 


IINSTU> 


&wS<ei£  WWh  'X&im-'Arc & 


2.  Technical  Data  M 

Type  of  Dam  EAEIU  EMBANK.  Drainage  Area  \(o^,%0  Acres 

Halnh*  ocncr  T -T  Masomux  LeueTM.  looo  FT  t 

Helght FT L Length  e.ab.t^  C-mrauk  ■ 3fcro  H 1 

• Upstream  Slope  BATTENED  Downstream  Slope  BATTENED 
__  . _ 23.00  FT  AT  MASONftTfeA^ UNDER.  CoPiN&N 

Crest  Width  34- on  Ft  at  fabth  Freeboard  at  Spillway  Crest  3 FT 


Crest  Width 


/ay  Crest  3 FT 


. 


I 


Low  Level  Control:  (Type  and  Size)_ 


Valve  Condition 


Emergency  Spillway  Type  (Material)  *~cx' Width 


^sPiu.uJK'f  *,  MO 

e.v\sfc6ew£-'f  ^'WWM  Height  (Crest  to  Top) 

Exit  Slope  ^ *otL  2>T  SPillwa^ 


3.  Embankment 

Sooth  K)in& 


OJ.  ufP6«-  Portvo*J  Oid-yeB  ; Rerr\ft\Niw4 

Side  Slopes  Pofe-nod  ^teppbJD  TD  ujastS  cha>u  tJ  B u 

st  t 

1 WA-5.T5'  CAVAk)WeU  "VBB — tJRTOJT V6S 

Exit  Length  t-  ^ 4-*,^^-  v -fe  uaievi-V  setters  I TV™  & 

Ponded  Surface  Area_ %3>i5  Acres 

Capacity  (Normal  Level)  3^2.1*40  0 Acre  Feet 

Capacity  Emergency  Spillway  Level  — Acre  Feet 

IS^Q  H,  AnTD  NrofZTH  tMiNG  2\PO  FT. 


a.  Crest  34  ^T  ; Ex)M>uuT  PAVEME-MT  /iVP  LAUESl 

(1)  Vertical  Alignment  hKHF&Rl^  W ITW  GR.TST  EL.  d>09.s\. 


b.  Upstream  Slope  ftA-TUTR.  r_flv~ene:D  \U  >tv4  PAO  UlC, 

Reldvo  el.  g-gh  M)l>  Above  el.  gqi  TS)  ce.esY  Grasso 

(1)  Undesirable  Growth  or  Debris  A At  LEl/E  L oP 

TWC  QPfi€8.KlP$1  OF  PAUIM6  .STbMB  CvOQSB  Q TH£ 

SOUTH  Id  IMG,  ■ 

(2)  Sloughing,  Subsidence,  or  Depressions NtbM€  VlSlOMc 


(3)  Slope  Protection 


(a)  Condition  of  Riprap  gjE.vi.eg-Au^'  <^OPt>  ■ 


(b)  Durability  of  Individual  Stones ^ppp 


(c)  Adequacy  of  Slope  Protection  Against  Waves  and  Runoff 

Ame-gMTVr &DDD  — Irn-LE  Ott.  up  t>Aw^g 


(d)  Gradation  of  Slope  Protection  - Localized  Areas  of  Fine  Material 

UNAFCEM SIZ.E  ^TDN^e  • 


(4)  Surface  Cracks iiOfcAE 


c.  Downstream  Slope fcA-TTgE^ED  /til h 6 [2-ASS ED 

(1)  Undesirable  Growth  or  Debris N^ok*)  p 


I 

) 

( 

I 

t 


(5)  Wet  of  Saturated  Areas  or  Other  Evidence  of  Seepage  on  Face  of 
Slope;  Evidence  of  "Piping"  or  "Boils" 


d.  Abutments  

(1)  Erosion  of  Contact  of  Embankment  with  Abutment  from  Surface  Water 
Runoff,  Upstream  or  Downstream 

MOUE 


[ 

(2)  Springs  or  Indications  of  Seepage  Along  Contact  of  Embankment 
- with  the  Abutments 

• KtotiE . 


I 

)\ 

( 

i , 

i 

> 


(3)  Springs  or  Indications  of  Seepage  in  Areas  a Short  Distance 
Downstream  of  Embankment  - Abutment  Tie-in 


(3)  Unusual  Presence  of  Lush  Growth,  such  as  Swamp  Grass,  etc. 


(4)  Unusual  Muddy  Water  in  Downstream  Channel 


(9)  Adequacy  of  Slope  Protection  Against  Waves,  Currents  and  Surface 
Runoff 


(10)  Miscellaneous 


f.  Drainage  System__  - 50E£Ug.PACE  .b^AMS,  _ON  -pouJM  STREAM 

SLgPE QF  feflTH  . w'lMGS. 

0)  Condition  of  Relief  Wells,  Drains  and  Appurtenances  Mo  HfliFF 
.WELLS,,  DRAVKIS.  SOfc«5ue.PACe  TUt^EFO^g 

■ fLQULb  Kior  -fee  ASCERTAIN! CJ>  ; :6unrgg.s  t-eAVtM  rol^r 

i /OWUoLES,  QKi  BEBMS  AfcE  CQUIKB'O  lv,7rt  G**SS  4 bE8R>S 
(2)  Unusual  Increase  or  Decrease  in  Discharge  from  Relief  Wells 

*'  MflT AEPUCASlg 

* ' 

j 4.  Instrumentation 

| (1)  Monumentation/Surveys Hok^E  NhSlRLT 


6 


<r>K)£  fPiLUvftr  (h/Asrs  ket  e.  ) tvMcH  t'z  StRwce  SP>  uw*  y 

a.  Principal  Spillway:  Inlet  Condition 

Pipe  Condition 

General  Remarks  (include  information  such  as  recently  repaired, 
potential  for  debris  accumulation,  special  items  of  note,  etc.) 

TH€  ORdG»*Al  CYCLOPEAM  GPiuuMY  (wvtl) 


rrVL  ^Unug-E  ■ wefg  t ?PM6  . .MxNoa.  L£ A<s  AMD 

■2>eerPA(b£.  rftjofA  Toikjrs  of  Tic  loeie..  e&u 

yJGtJA  KloT_  g.fc£TPR- EP  -lym  .<^€,VT_.  . S.U.&EA&E 
SOME  Loose  Tu  THe  ^Loofc,. 

b.  Emergency  Spillway:  General  Condition 


Tree  Growth 


Erosion 


Other  Observations 


7.  Structural  (if  required)  See  Attached  Appendix 


8.  Downstream  Channel  ^ofi/S'ST  oP  £u&&Lt.  -PfivtSb  CHAUtvFZ. 

Floor  [loa&te  ch AAJA/tr l ) uptv  RouttB  2.9  A aniDGiz  ytherj  "vtv  a 

£Xf>o$£[)  Qeb  R.OCX.  >fjr6  A GOUL-Y hi  tilth £/wT£fli 7J±£. 

ESOf>Vh>  d-E-t=&7<-  V'^LtF'f  As), L US  FROM  THF  3R.I&&C. 


f 

I 

i 


TEAM  CAPTAIN 


STRUCTURAL  INSPECTION  CHECKLIST 


PHASE  I DAM  INSPECTION 

the  MASM/iy  P>ftrioN<>  eE  the  ou^c  ezio^e  paw  appcapio 

//V  AZLATryccy  (fOvP  oo*j piriosi . THERE  to  At  yotAL  Spaluhc 

1.  Concrete  Surfaces  AhP  M noon  PAACHS  on  THE  Oou>H  STALE  A Ai  Face.  There 
UJEJie  Some  W 'Nofi.  CA.ACKS  ANO'EifAC"  QEPoiiTi  e,  kJ  Tfft  u/TTtL  OF  LOvoCA 

1 WttCTlOH  6ALLLM.  THE  LjjAire  toif/E  A? 'it  cjA  y)  U)A^  te.HAreu.rr/rrEj>  /V  /<?7r.  T7y£  ' 
CFliT  i oufril  i oAFaGES  FPPEFHEp  /*]  <?6£>p  £onD/TioAJ.  rrtEAE  HAS  ft  So  ME  LEAR  S A Rip 
% t epAdE  Fkow  THE  SrerPtp  u/astE  weir. 

2 . Structural  Cracking  M>  St$H'E /C/Eht  ST  Rot  Tu  A AC  CRACKtHf  /?  D'S'ScE 

ON  THL  SPILLuOAy  0/e  THE  OUyE  d*tDG£  DAW. 


3.  Movement  - Horizontal  and  Vertical  Alignment  THERE  is  NO  APPARENT  change. 

I N EITHE.IL  THE  HDP>20NTAL  O K VERTICAL  AilQNWEN  T OF  ThE  OL / t/f  g H \P<fE 

Paa7  or  spiluha y 

4.  Junctions  with  Abutments  or  Embankments  THE.  JuNCT/oNS  OP  THE  OLH/6.  BP'PtfE 

DAW  WITH  THE  EWBAHKAIEOTS  hRE  W &OOP  Co  N P/Tt  ON/.  T HC  T/o/vS  AT  £ nDC 

OF  THL  ‘DPiUmAY}U>H/CA  UjAS  EeHA6lUTATCD  /V  t97Sy  A*  ? 

&j£fL./*L£fiQj>..  . .cc.MjeL'n&M 

AH  IHSPtcTfQN  oF  THE  LOOjFiZ^ZACLEPy 

5.  Drains  - Foundation,  Joint,  Face  ik/P/CaTED  THAT  THE.  PEH'HS  PyE  ££ 

OP&RA'Tn/L.  hEA$pA£OieHTi  p/eriL  p?ape  d f leakaw e f/Zo  w \ 
iNSFEctiqm  a ALLEGES . G PAn?>Tr£S  <?f  u:  A/coteE  U<£££  L 


EKZLPT  AT  No,  (o  INSPECTION  U/ILL  &oH£RE  Fc>h)  Do  AS  9S-<jPW. 

6.  Water  Passages  , Conduits,  Sluices  NOT  BLC  

aoKJi'p  not  ge  ihIPectlp.  

$ti  PA  cnuip  LEAKS  U)E  « £ O &lT£V~EZ~iN  SEVERAL 
7..  Seepage  or  Leakage,  HRE.Fi  On  'THE,  <STEPS  OF  1 HE  SPiPio-JAy. 

A LEAK,  WAS  06S££P£t>  4T  THE-  &ATSI  OP  THE  OUALL  in  Wo  'D 

INSPECTION  <P  A) U£Ry. Ak)D  fl-riVCE.  6ftU€R'CS  LuH€R£  LqC-M'OMS  £uulD ^ 

8.  Monolith  Joints  - Construction  Joints NOT  yiS/BC£  i N PAW. 

■^PlLLUiAy  UlAUi  ioERL  I REPAIRED  IN  /9 7f  ANP  APPEALED 
IN  <?ooj>  Con  piTio  kI 

9 . Fou nda l io n NOT  ]/i$i0LE  -PIASQnRV  £>**1  FOOAIPEP  Q /V  #0C < . 

'THE  S P/LL  Uj  Ay  Uj/H>  r<EH  AF.il/ TATES)  IN  /9?r  /*Hp 

f\ ePL/\R.$  /aj  Good  coivD/r/btJ . 


T 


1 0 .  Abulm c nt s tMlTU  &A  bW*  MCUTS  fifUC  /» J fopj) CANPiTtoU, 

T HERE  MIC  No  L&NCR  ETC  A9utm£nts 


11.  Control  nntcs  THZXE  ARE  No  STRUCTURAL  CONTROL  GATES  dV 

THE  Qu\/£  3RiDQ€  DAr*)  SftuujAy  • 


12.  Approach  and  Outlet  Channels  THE  VuTLET  CH/WAS j 5oP>C 

ZtfCTAT/O A/  ANP  4 Z*AlL  Qi/fiNTtry  Of  DEB£'<±  t Q rHf.r*J'Se 

L 4ff£**£ J*L. &£LAnzL tv  6o°d  &>nv  /r/ on. . 

13.  Stilling  Basin No  T ApPL'CAGCE. 


14.  Intake  Structure UPPER  Hv  U$t  - LLj  {top  Qajj>/T/ca/ . 

TP  ftfi/ Packs  AuP  fArt  (/ ALVES  MoT  vmBLt  — TUC y 

/ME  l/HPEt  UJATEfP  . 

15  . Settlement  NO  APPARENT  Qp  PlPTE  PEiVTI  Hj  SETTLE  ^ E *JT  0 C 
UivE  6£<P4e  0AV1  CR  S.PILL  ujA  y. 


16. 

Stability 

a.  Overturning 

No  CALCULATIONS'  ApC  AVAILABLE;  Non£ 

PrR€  RLGO ititp  FoR  PHAiE  I invest!  o>  ationJ 

I 

b.  Sliding 

ditto 

a.  Seismic  20KE  1 - NO  Ak/ALVSH  15  RZ<2u<RZP 

17. 

Instrumentation 

a.  Alignment 

UomC  1 n <ltallej> 

f 

b.  Uplift 

ii 

c.  Seismic 

10. 

Miscellaneous 

some  E?fLOtNT-H  . lA/CLL  D'A'&  A OAPUN^ 

OK!  TrbC  bOu>A)&T&£s4M  PACE  QF  AfH&OAJ&E  b/LA/L 


li 

1 — 


1.  Basic  Data 
a.  General 
Name  of  Darn_ 

County 

Stream  Name_ 

Location 

Longitude 


VISUAL  INSPECTION  CHECKLIST  , 

£AST  UiK-6-S) 

Poe.  OTW€P-  ^e.6  OLIVE  Be.»D6H.  BAM 

Hazard  Category 


Tributary  of 

County  Nearest  Town  (P.O.) 


Latitude 


Other  Directions 


Date  of  Insp Weather_ 

b.  Inspection  Personnel £ 


_Temperature 

<^FrPT&CH^ICA  L. 


c.  Persons  Contacted 


d.  History:  Date  Constructed_ 

Present  Owner 

Designed  by 

Constructed  by 

Recent  History 

2 . Technical  Data 

Type  of  Pest*  

HE  JT  — l»S  FT  ■ 

H e lg ht  kUpdlc.  - s r T 


«AST  — 

Upstream  Slope  BMTcet-P 


Drainage  Area  IGS,7£?Q  Acres 

See  3Ec.TiOkJ  3. 

Length 


Downstream 


Crest  Width 


5£.e  Se^r/OA/ 3.  J, 

EJY\ Freeboard  at  Spillway  Crest  6 r ' - 
of  this  c-he'ck.li£T 


I 


Low  Level  Control:  (Type  and  Size) 

Valve  Condition 

Emergency  Spillway  Type  (Material) 

/ _ Side  Slopes 

( COUMEhirS 

^ _ Height  (Crest  to  Top) 

OLIVE  BC-lDGfc 

PAM  C.H€CACLI»T/Exit  Slope 

Exit  Length 

Ponded  Surface  Area 

Capacity  (Normal  Level) 


Width 


Acres 

Acre  Feet 


Capacity  Emergency  Spillway  Level Acre  Feet 


3.  Embankment  lk/F57  f MlPDLE  AHb  EAST  2>iiC£S  . 

'£/V6TH,i  Vslf ST  1»KE  FT  ; MlttDLE  7000+_FT  J Avjji  EAST  TXfct 

a.  .Crest  k/GST  & Mit>PL6  2>,EE  34-~A7  \ EAST  /S’tFT  . . 

PAvaP  £tb#t>T7#y  &■»  ■ U>£±r-  AJb  ~AXif>T>fe  BiVPS ~ g GMASSCTf-g/) 

(1)  Vertical  Alignment  &OQ  D UM ! FoK.rr\ 

£%CEpT  Pavemev t 2 >t?P£.£SS/OAJ  AJeA(Z-  Sooth  CAP  or~ 

/JEST  Dice  f DouJHST&EArt  S/t>E ) . ALSO  ££€  CoHHtnjT  Vo-  6> 

(2)  Horizontal  Alignment  Ah!T>  ALt£\}/fl£A/T  &oob 

Ebe.  A-LL  T>i  c£  s 

(3)  Longitudinal  Surface  Cracks  SOME  C.PACMS  Vi^\fbLt~  W 


vz.  south  END  oT 


JOAjt 


>7  2>itt 


(4)  Transverse  Surface  Cracks  SQfV)£  C£ASKS  ViSiaLt  /AJ 
HotXD^AT  PFVLnne/JTS  at  h/EST  4 MiDPLE  Z>*eTS  ' A/oa/6 


(5)  General  Condition  of  Surface^ 


L-vrt-  or 


Qy  U)cH  fS  Po&  < . 


(6)  Miscellaneous  TAG  Z>EPRBS>$  > MSA  PEAR. 
' UlPST  HAS  ServiEto  Aq out  2 fVCHES 


-*■'  b.  Upstream  Slope_  All  &/*££. f QATTStefy  CoretzeD  *"rH  ZTbase  Pau> ^ 
AfJ D <S,/ZASS  Zoi/CTlED-A&AlfE  STOVE  PAVtH  6 lb  CXtSl 

(1)  Undesirable  Growth  or  Debris A/  o/S  G 


(2)  Sloughing,  Subsidence,  or  Depressions  A/Oa/6  VtSfQLt: 

OfJ  ALL  Z>i*c£S 


(3)  Slope  Protection 


(a)  Condition  of  Riprap  <36VeTO<r  t / 6oo2>  ^ ALL 


(b)  Durability  of  Individual  Stones ^7 QQfyATALL  2>/K£S 


(c)  Adequacy  of  Slope  Protection  Against  Waves  and  Runoff 

bfPAZEVTiy  &OC>b  - AfTTL£  OJ2  ALO 


(d)  Gradation  of  Slope  Protection  - Localized  Areas  of  Fine  Material 
U M IPOQ.AS)  S &7Da/£S  ■ 


(4)  Surface  Cracks A/nkJE  l/lSi&Lt 


c.  Downstr^m^Slope  All  7>/kE5  Aattg*eD  ! COVERED 
(1)  Undesirable  Growth  or  Debris A' OK >C 


I 

t 


(2)  Sloughing,  Subsidence,  or  Depressions;  Abnormal  Bulges  or  Non- 
Uniformity 

NOAJE 


(4)  Surface  Cracks  or  Evidence  of  Heaving  at  Embankment  Toe 

Mo  he  Visible. 


I 

I 


(5)  Wet  of  Saturated  Areas  or  Other  Evidence  of  Seepage  on  Face  of 
Slope;  Evidence  of  "Piping"  or  "Boils"  /y j~  /a  /oZ>lE  £»/<■£; 

2 Eoc  * FT  EAST  Of  lOL/EZ  GATE  M>uS f TWeRe  /-s 

6SEP^E-  ET&OW  Su&suJZ FACE  D&a/a/.  this 

*>EEPA£)E  IS  MOA//Terg.ED-ftY  */S  PSOAS  A/EL  . 


(6)  Fill  Contact  with  Outlet  Structure_ 


No  • nun le  r 


SrrwcTuees  at  west  a N/pj>lE  2/ces.  East 

OP  Z>uc£  !aJ  tx/rrrt  _A/AST£  k>L/fL  ^Asi*okAaJ 


LPillu*/)  GFiA/eC’ALLV  %aot> 

(7)  Condition  of  Grass  Slope  Protection  ^>£A/Ee.EL  L V &00D 


&S.CEPF  OVEQ^QotOfJ  AT  it VPbLE  AuD 

£*ST  Lie  £5 


d.  Abutments 


(1)  Erosion  of  Contact  of  Embankment  with  Abutment  from  Surface  Water 
Runoff,  Upstream  or  Downstream 

/V  QME VISILE 


(2)  Springs  or  Indications  of  Seepage  Along  Contact  of  Embankment 
• with  the  Abutments 


e.  Area  Downstream  of  Embankment,  Including  Tailrace  Channel 


(1)  Localized  Subsidence,  Depressions,  Sinkholes,  Etc. 


(3)  Unusual  Presence  of  Lush  Growth,  such  as  Swamp  Grass,  etc. 


Mi'  M’i"  V 


(7)  Stability  of  Tailrace  Channel  Sides  lopes 


(9)  Adequacy  of  Slope  Protection  Against  Waves,  Currents  and  Surface 


Runoff 


(2)  Unusual  Increase  or  Decrease  In  Discharge  from  Relief  Wells 
A/OT  APPUCj*Qt£ 


(2)  Observation  Wells 


I 

> 

i 

i 


5.  Reservoir 


0a»a»cv»/73  OL/i/e  QiLil>6(L 


b.  Sedimentation 


I 

t 

\ 

f 


6.  Spillways  $€~€  COM/ytGfUTS  0<-'u6 

a.  Principal  Spillway:  Inlef  Condition 

Pipe  Condition 

General  Remarks  (include  information  such  as  recently  repaired, 
potential  for  debris  accumulation,  special  items  of  note,  etc.) 


b.  Emergency  Spillway:  General  Condition 


Tree  Growth 

1 

Erosion 

i : 

1 Other  Observations 

f 


7.  Structural  (if  required)  See  Attached  Appendix 


8.  Downstream  Channel 


Sttz  TS  CU-tve  2>te.i£>6£  2># M- 


a.  Condition  (obstructions,  debris,  etc.) 


b.  Slopes 


c.  Approximate  No.  Homes  and  Population 


d.  General 


EtMEsrjMfi  {,  6 EQTer.M/c*  l 

TEAM  CAPTAIN  £//£  }/>/  f£  < 


T 


1 


1 . Basic  Data 


VISUAL  INSPECTION  CHEC KT JST 

(west  Hoexer  , WoopsTOcic 


a.  General  oTH4Eq^  ^ AS  «C  3>ATr<A  ^OMMEfoTS 

ouve  ■t>A.r*} 


o kJ 


Name  of  Dam 
County_ 


Hazard  Category_ 
ID# 


Stream  Name_ 
Location 


Tributary  of 


County  Nearest  Town  (P.O.)_ 


Longitude 


Latitude 


Other  Directions 


Date  of  Insp 

b.  Inspection  Personnel 


Weather 


_Temperature_ 


£.  £>EDT£CHMICAL 

>A  . ?M6L  J 


c.  Persons  Contacted 


d.  History: 


Date  Constructed_ 

Present  Owner 

Designed  by 


Constructed  by 

Recent  History 

2.  Technical  Data 

Type  of  EAtrm 

lotiT  i4ub.i*.7  - Sfft  pi 
Helqht  «uo©dst®«jc  — iotFT 
t-0-t  FT 


<Z>UtuV6'k-t> 

Upstream  Slope  T3ATTC1LFD 


Drainage  Area  > b £ ( lt>0  _ Acres 

Length  SEE  COMMENT'S  ^oUx>u>iN6 


Crest  Width  Srp  CcrrywgirrS 
Follou)mv6 


Downstream  Slope  TT€(?t  P 

Freeboard  at  Spillway  Crest  2.^. FT 


•#W- 


: ■ri 


IJ 


Low  Level  Control:  (Type  and  Size)_ 

Valve  Condition 


I 

) 


Emergency  Spillway  Type  (Material) 


Width 


OLWE  BK-ICxSC 
L>AlV'  ^ 


Side  Slopes 

Height  (Crest  to  Top) 

Exit  Slope 

Exit  Length 


Ponded  Surface  Area Acres 

Capacity  (Normal  Level) Acre  Feet 


3 . Embankment 


Capacity  Emergency  Spillway  Level 


Acre  Feet 

lAJOctoSTDCJC,  & LEMFOfcb 


t racin',  we st  HotciEy  -34So  t?r ; /✓oo&srpcic- 25oot  FTj  and 

a Crest  WIDTH  h/£ST  Au£c£Y , h/ooD^roac.  £>  tcs/JFGlb  once  *■&£. 

ju:wjK.m&nvATk-£-y  AA-y/G,  averse,  1=7  y?fe». he lt nj e^y 

(1)  Vertical  Alignment 

<£>£> JOLActy  Good  & UAjiFoe.m  on  th£.e~e  Dikes  £yC£PT 


Minor.  PAverne/vT  pepqessiq*/  at  Nest  Hue.iE'S 

(2)  Horizontal  Alignment St^AIEHT  A/VP  AL!  EAJNi£  a/T 

6qpz>  t=cz.  All  t*k-B 


(3)  Longitudinal  Surface  Cracks NoajE  i/i£t&Lt 


(4)  Transverse  Surface  Cracks 


(5)  General  Condition  of  Surface  <$£/i/e~/2A/ *■  V &oo  D FQQ.  hJEST 
4k)£lEV  AND  K/OODSTOCJC  DIKES  ■ j/EEV  POOR.  AT  EfLENFOU.D 

.JD.)££ 

(6)  Miscellaneous  &N  CREST  IS  /?  PAi/£D  £OADl<JflV  A r 

. ivEbTHje.cE: y dike:  • coi/f  et‘ D ht  IvooD  sroe  <.  »*  <-E  , 

Ary  UNUSED  3,Aj£Ze  RauRoAD  TZACK s frASoMey  H*ll  (4rr*>4» ) 

AND OVEPJ^EnuJN  (MiTtf  VEE>£7  AT  JON  AT  Sc.ENFo£D  d/K£  . 


I 


\ * 


I 


t 

I 


I 

) 


\ 

b.  Upstream  Slope  0*/  ALL  1>/K£S  BATTtttzD  ) COveAEb  V'T* 

STDKJE  PAV//J6  AtJS  &S.ASS  A-'H>0\ /£  &OVG  WAV > V 6 

7tp  CA6ST — 

(1)  Undesirable  Growth  or  Debris  So  ms  £*Bu>e>S  ArJD  OvER.ae.OUA/  <S  RAS* 

At  U/E5T  H-vecey  J>ltc£.  NSAA  7**E  /»Ax/mi/m  AL6tj<i  TH  £ 

\oonsrocjL_-Oiick  -rmee  A* Z.Teezs*"*  bushes  as  k/ccl  as  some 
&i*:g:  ^vbrakjqujio  unn  7/e.gsc.  Bosses  anp  sf>BL<M6s  Anove  rut.  PipeaP. 

(2)  Sloughing,  Subsidence,  or  Depressions NqpjE  ViSi&lE 


(3)  Slope  Protection 


(c)  Adequacy  of  Slope  Protection  Against  Waves  and  Runoff 

APPAg&MTiy  <^nOT>  — ~m~t£  Vo  bAMftbE. 


(d)  Gradation  of  Slope  Protection  - Localized  Areas  of  Tine  Material 


ir^oesn  s iz£  istd/ue  -S 


(4)  Surface  Cracks /VoA/£  j//£/ Ql£. 


c.  Downstream  Slope  OV  ALL  t>i><£  S QATrEPED 

(1)  Undesirable  Growth  or  Debris  Sor«t  shRvQS  A >vo  Out  p«en'.i\l 
6)RA$ 5 pr  h/£sr  /hi£j.ey  DitLB , n&Avy  oaj  A/e*e  the  east 

£a/b  of  h/oobSTOcX-  Once  : THE  oouitiSTatfiA  £Pft£  or  uioeveo 
AeeAj*)£ir  of  the  rea/d  of  woodjtd*-*-  kin  l TT~ovESEeIEEK)  iSTfn 

7*Ui  AND  BUSHED  HtAiy  A/tDlOTH  Of  7f££S  A\ /D  BUSHES  AT 

QLCNFZ>!£t>  t>i/C£  . 


(2)  Sloughing,  Subsidence,  or  Depressions;  Abnormal  Bulges  or  Non- 
Uniform  lty 

h/esr  HOC.Le.-i  filKf,  AHouT  Z50  FT  £flST  Of  THE 


£>ew  or  Hooistkx.  3>i ct.Gnooub  AIjacev't  to  tuf  toe  k s^Mpy,  at 
6jicnfo&z>  Ducts  C.OULD  A/or  csaTa/a/EiP  &*c*use~6~r 

a// 


(3)  Surface  Cracks  on  Face  of  Slope 


Vrsj&L£OA/ 


(4)  Surface  Cracks  or  Evidence  of  Heaving  at  Embankment  Toe  NoMt 


(5)  Wet  qT  Saturated  Areas  or  Other  Evidence  of  Seepage  on  Face  of 

Slope;  Evidence  of  "Piping"  or  "Bolls"  ( FOF-  FioPB  CoiutuemT  x£&°rr-0'' 

AT  Tne  OF  hJEST  HufZLFy  b>tc£  , T»R££  wt*e£  vote*  oo**'- 


x>r& 

1QSl . 

\A)CT  CprJbrnoAJ  h/AS  'tb  P£.£V>ovj  w(,*T  EF'^faic  o e.  MtveK. 

AksA/TAA  t AT.  MibnOJTQC* b>u.£  T»£t£  /s  A/o  v>S‘Ql£  A y, pt  rjC ~ 

Cms Kjf>i*t6  FZoro  rot  OK  OLcPsS , Our  thchs  /t  A smALt  dr  srAktve 
(6)  Fill  Contact  with  Outlet  Structure6  oF  K"#eA/CO  ahe*  of  ♦ik.C.  • 


jy, rrav-Jji-  j—r  7/4  < j»/jf 


. TT  /£.  A/oT  KmoioF  >F  TH 


SEFFFFF 
I Tr/r  OE.'jatJO 


No  OUTLET  Steuctui 


FT  I 


(7)  Condition  of  Grass  Slope 


>STOC,*Z 


’ XCEF>T  ?>  C0J/JSTR£AIT 
4T  G/faj Foe.b  2>i<£ 


Slope  *c  iA»r>eMEF>  aqfa)  t>,ic.£<i  iPooe.  AT  Slfaj  Fpe.o  2>i<£ 

d.  Abutments 

(1)  Erosion  of  Contact  of  Embankment  with  Abutment  from  Surface  Water 
Runoff,  Upstream  or  Downstream 


(2)  Springs  or  Indications  of  Seepage  Along  Contact  of  Embankment 
• with  the  Abutments 

A/o  A/e  \/>Sf6lE  • 


s CONI.  AT  k/£S J Hvzuy  t>\K£  0OTIE7  OF  TUG  bEP'NAAf 

( /4*  4>  /r*n  ) Aischaefbs  SsT^ateo  3 Fo 

6"  y/>rn- 


(3)  Springs  or  Indications  of  Seepage  in  Areas  a Short  Distance 
Downstream  of  Embankment  - Abutment  Tie-in 


/VoA/£T  lf/S/&L£ 


(1)  Localized  Subsidence,  Depressions,  Sinkholes,  Etc._ 


A/oa/6-  l// 


(2)  Evidence  of  "Piping"  or  "Boils" 


S WS/4>c£ 


(3)  Unusual  Presence  of  Lush  Growth,  such  as  Swamp  Grass,  etc. 
c>/J€  I//S'/ 3l£ 


(6)  Surface  Cracks  or  Evidence  of  Heaving  Beyond  Embankment,  Toe 

Noa/£  V'Si&lC 


I 

I 

I 

I 

* 


(7)  Stability  of  Tailrace  Channel  Sideslopes 


(9)  Adequacy  of  Slope  Protection  Against  Waves,  Currents  and  Surface 
Runoff 


(10)  Miscellaneous 


V 


b.  Sedimentation 


6.  Spillways  $>FE  CjOMM-CMTS  OUoG 


a.  Principal  Spillway:  Inlet  Condition 

Pipe  Condition 

General  Remarks  (include  information  such  as  recently  repaired, 
potential  for  debris  accumulation,  special  items  of  note,  etc.) 


7.  Structural  (if  required)  See  Attached  Appendix 


I 

) 

1 

i 


8.  Downstream  Channel 


c.  Approximate  No.  Homes  and  Population 


I 

i d.  General, 

I 


I 

l 


HYDROLOGIC  DATA  AND  COMPUTATIONS 

I 

I 

l 

1 

I 

I 

l 

r 

APPENDIX  E 


•AC  ^ A/ 


3piuwav  Rating  Ci 


t Ai.  £ j o*t  : 

«/ NuN'akh 


/4«7-  07 


‘ ' . • 

y 

|fk 

J 

S “ 

.1’ 

•l-r 

£ 

St.; 

in  L..-1 

j_t 

• U_| 

j-  i 

. , -•  * • 

-*  j-i-f  '■  ;•• 

’ - * * *■*  ■*  * j 

• : 1 r .•  • -•■ 

1 1.*  /: . 

! -f-- 

i » ■ • -f  t- 

....  .!  i ...  . i 

TAMS 


«»..  M2sJlL. 

Project  M rr-)  JLiQ  s P£ct  i o/O 

Subject  i^SfiOICQfo  — Rer.rjc.  7*0i-C. 


> pi!/  ojoa. 


Ele</a- 4i»r» 

C 

^MV‘, 

507-5 

2' 1 

1040 

5 88- 

•3-2 

3 040 

569' 

T3 

&8!0 

590. 

V4 

18800 

59  / 

T 4 

2 7,4-00 

592. 

38 

40^4-00 

595 

3 8 

53,  /Oo 

595 

3-8 

8/,  7oo 

5 97 

3'0 

//y,  Zo* 

599 

3-8 

/5°.  /oo 

6o2. 

3-8 
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Date 

_ t>  C C 

By 
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9So  • o' 


TTwit-c  1 


